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Relationship of Visceral Components of Mature Cows as Related to Lactation Potential
and Possible Effects on Productivity
Thomas G. Jenkins, Calvin L. Ferrell, and Larry V. Cundlff'"

Introduction

Production output characteristics for cows of breeds
or breed crosses varying in genetic potential for growth
rate, mature size, and lactation have been previously
reported. These differences among breeds were reported
for characteristics associated with output potential (e.g.,
gestation length, calving difficulty, calf crop weaned, and
for wt at birth, weaning, and at puberty). We have reported
differences among nonpregnant, nonlactating mature
cows of breed crosses varying in genetic potential for
mature size and lactation yield for dry matter required for
weight stasis and metabolizable energy (ME) required for
zero body energy change. We have reported significant
differences among various breed crosses for energetic
efficiency (wt gain of the calf/total ME intake of the cow
and calf) during a 138-day lactation period, thus documenting the need for consideration of variation in energy requirements among germ plasm resources that vary in
mature size or lactation yield potential.
Variation exists among breeds of beef cattle in energy
requirements for maintenance or fasting heat production
during the postweaning interval. The trend observed in
reviewing this literature was that a positive relationship
appears to exist between genetic potential for rate of
postweaning avg daily gain and fasting heat production.
Researchers have reported that rate of gain as mediated
through dietary energy intake affected fasting heat production (maintenance) and mass of metabolically active
organs such as the liver, empty gastrointestinal tract, and
the kidneys. The relationships between visceral organs
and postweaning avg daily gain was documented with
rams of similar genetic potential for growth receiving feed
ad libitum. Results from this study indicated that the rate
of protein accretion for an aggregate of the visceral components such as the gastrointestinal tract, kidneys, and
liver was most closely related to the rate of gain.
Procedure
Body component and lactation data were collected
over a 2-yr interval from 9- and 10-yr-old cows produced
by mating either Angus or Hereford cows to Angus,
Hereford, Red Poll, Brown Swiss (predominantly European), Maine-Anjou, Gelbvieh, or Chianina sires. Also,
cows 6 to 9 yr of age produced in a three-breed diallel
involving
Angus,
Hereford,
and Brown Swiss
(predominantly European) were used to estimate breed
additive
direct and heterosis
effects
for body
components.
Lactation information was collected by weigh-suckleweigh techniques at 6-wk intervals from approximately
10 days postpartum until the calves were weaned at approximately 200 days of age. In an open-front poleshed,
cows and calves were maintained in small pens with con-
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crete flooring during the trial. At the time of measurement, 24-hr milk production was estimated by separating
each calf from its dam for approximately 16 hr, weighing
the calf, allowing the calf to suckle for approximately 45
min, then reweighing the calf. Calves remained separated
from the dams for an additional 7 hr, then the procedure
was repeated. The sum of the differences between the
presuckling and postsuckling calf wt from each suckling event was used as an estimate of the 24-hr milk yield.
This was used to estimate parameters descriptive of lactation curves and to predict time of peak lactation, milk
yield at time of peak lactation, and total yield of milk for
individual cows during the lactation following procedures
reported previously. During the lactation period, cows
were individually fed to maintain body wt.
Following weaning, representative cows of each breed
or breed cross were assigned to one of two treatment
groups: individually fed to maintain body wt for an 84-day
period or fed ad libitum. In addition, cows of each breed
or breed cross were slaughtered to provide estimates for
body components at the start of the study. Following the
84-day feeding trial, all remaining animals were
slaughtered with slaughter wt and wt of the skinned head
(separated from the body at the first cervical vertebra),
fore and hind feet, hide, udder, warm carcass, lung, heart,
spleen, kidney, and liver recorded. For a random sample
of all breeds and breed crosses, the gastrointestinal tract
was emptied of all contents and the tract and attached
mesenteric fat were weighed. Components of the body
for individual cows were expressed relative to slaughter
wt for analysis.
Results

Lactation performance. Significant differences attributable to the effect of breed or breed cross were
observed for total yield of milk during the lactation period
and for milk yield at time of peak lactation. Mean lactation curves for each breed and breed cross are presented
in Figures 1 and 2, respectively. Among the straightbreds,
the Brown Swiss had a greater total milk yield and daily
yield at time of peak lactation. Herefords had the lowest
yield for both traits, with the Angus intermediate. The
Angus x Hereford (reciprocal crosses pooled) and
Chianina-x (x denotes Hereford and Angus dams combined) had earlier peak yields and lower total milk yield than
the Brown Swiss-x, Gelbvieh-x, and Maine-Anjou-x.
Although not measured directly, the decline in lactation
appeared to be greater for the breed or breed crosses with
relatively high total milk yield than for breeds or breed
crosses with lower total milk yield, which is consistent
with observations previously reported. Time of peak lactation ranged from 8.2 to 9.4 wk but was not significantly affected by breed or breed cross.
Body components. The effect of breed or breed cross
was significant for body components relative to slaughter
wt (Table 1). Breeds or breed crosses that had higher
levels of total milk production or daily yield at time of
peak lactation tended to have higher percentages of
visceral organs. Among the breed crosses, the correlations between the breed cross means for percentages of
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Figure 1-Lactation curves for mature straightbred Angus,
Brown Swiss, and Hereford.
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lung, heart, spleen, kidney, and liver with breed means
for milk yield were .79, .49, .69, .51, and .52, respectively.
This provides an indication that a greater fraction of
visceral components is associated with higher levels of
milk production.
Estimates of direct and heterosis effects. Differences
in body components among Angus, Hereford, Brown
Swiss, and crosses among these breeds were observed
for all visceral organs reported (Table 2). Among the
straightbreds, the Brown Swiss had a greater relative
amount of liver and lung compared with the Angus and
Hereford. In general, the Hereford tended to have the
smallest relative amounts of internal organs.
The least-squares means for the relative amounts of
visceral components of the breeds and breed crosses
were partitioned to estimate the purebred mean, breed
direct, and average direct heterosis. Compared with the
purebreds, the crossbred animals had a significantly
larger proportion of lung tissues. The fraction of all other
body components relative to shrunk slaughter wt for the
crossbred was similar to the straight bred animals. These
findings of limited heterosis effects upon the proportion
of visceral components in cattle have not been previously
reported.
For breed transmitted effects, the Brown Swiss had
a greater relative effect for proportion of lung, heart, and
spleen. Relative to other breeds, Hereford transmitted
direct effects for the internal organs tended to be
negative and differed from the other two breeds.
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Figure 2-Lactation curves for mature crossbred cows that were
produced by mating Angus, Brown Swiss, Chianina,
Gelbvieh, Hereford, Maine-Anjou,and Red Poll sires to either
Angus or Hereford dams.

Table 1-Means

for percentages

visceral organs of mature cowsa

wt (Ib)

Lung

Heart

Spleen

Kidney

Liver

25
30
31
31
30
29

1,188
1,093
1,135
1,166
1,278
1,247

5.3
5.7
5.9
5.6
5.7
5.5

4.5
4.7
5.0
4.7
4.6
4.7

1.4
1.4
1.6
1.5
1.4
1.4

2.2
2.5
2.5
2.3
2.2
2.2

10.0
10.6
10.7
10.1
9.6
9.7

14
14
13

1,082
1,153
1,115

6.3
7.7
5.5

5.1
5.0
4.6

1.7
1.3
1.4

2.5
2.6
2.2

11.7
11.0
9.7

N

Breed crosses
Angus x Hereford
Red Poll x A/H
Brown Swiss x A/H
Gelbvieh x A/H
Maine-Anjou x A/H
Chianina x A/H
Breeds
Angus
Brown Swiss
Hereford

of specific
Slaughter

Typically information regarding body components,
especially internal organs, has been discussed in relation to the effect on carcass yield of animals slaughtered.
In the following discussion, it is postulated that the proportion of body components may serve as an index for
variation in energy requirements among cattle germ
plasm resources that differ in production potential. Direct
evidence for variation among breeds or breed crosses in
energy requirements for maintenance of growing animals
is available. Results from research involving mature
females of beef breeds is somewhat conflicting, with
some researchers citing no differences among breeds or
breed crosses for maintenance while others have
reported differences in metabolizable energy to maintain
body mass or energy balance in mature cows differing
in genetic potential for mature size and level of milk
production.

"Relative to fasted slaughter wI.
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Table 2- Heterosis and transmitted direct effects for percentage of specific
visceral organs of mature cowsa
Transmitted
Purebred mean
Direct effect
Angus
Brown Swiss
Hereford

Lung

Heart

Spleen

Kidney

Liver

6.4

4.9

1.5

2.4

10.8

-.1
.5

-.1

-.1

.1

.2
-.1

.2

.4
.3

-.1

-.7

-.4

-.1

0

"Relative to shrunk slaughter wI.

Data collected from nonlactating, mature dry cows
receiving feed ad libitum to delineate the relationship of
milk yield and size potential upon maintenance as indexed by the liver does not consider the change in the
relative amounts of internal organs with varying
physiological state (e.g., gestation and lactation). Researchers have reported that the relative wt of the liver
is greater in lactating rats than nonlactating rats and that
higher maintenance requirements were observed for lactating Hereford cattle when compared to nonlactating
Herefords. Evidence suggests that, as level of performance increases, energy expenditure for maintenance increases, as does the relative amount of visceral organs.
Previous discussion by some researchers with regard
to the appropriate mating system has indicated that profitability of the livestock enterprise may be defined as
a function of reproductivity and productivity, where the
former term is a characteristic of the dam and the latter
term, the characteristics of the offspring. Other researchers described the commodity of a livestock enterprise as output and indicated that, for a cattle enterprise,
output may be increased by developing mating systems
that exploit the genetic diversity among cattle germ
plasm resources for output characteristics within defined production environments. These approaches
recognize that some germ plasm resources are more
suitable for use as a maternal population while others
are more suitable for use as a paternal population (one
to transmit desired growth characteristics to the progeny
to be marketed). For maternal populations, both approaches appear to suggest that the decision of the appropriateness of a population for use in the maternal role
may be based primarily upon high levels of output (e.g.,
weaning wt). However, the energy requirements for
maintenance of a producing female constitutes a major
proportion of the energy expenditure of life-cycle animal
production. Therefore, variation among germ plasm
resources and the ability to modify energy requirements
for maintenance need to be considered when developing mating systems.
The present study suggests that intrinsic differences
exist among breeds or breed crosses for some of the
empty body components and that these differences are
transmitted. It has been previously demonstrated that the
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energy expenditure by the visceral organs constitutes a
major proportion of the total energy expenditure. This
energy expenditure (as measured by fasting heat production) was associated with the mass of specific visceral
organs. A positive relationship between level of milk production and proportion of lung, kidney, and liver tissue
is indicated in the present study. This evidence suggests
that, as genetic potential for level of performance (e.g.,
milk production)
increases, energy requirements
associated with maintenance would be expected to increase. Furthermore, results indicate significant breedtransmitted effects forthe relative amounts of body components, with the largest positive transmitted effects for
internal organs associated with the Brown Swiss (the
breed with the greater milk production potential in the
diallel study).
General consideration. In the above discussion,
evidence was provided that metabolically active tissues
are affected by breed or breed cross and measures of performance such as daily peak yield and total milk yield for
a lactation. This information, in conjunction with the
evidence from the literature regarding the proportion of
basal energy expenditure associated with metabolically
active organs, implies that the production potential of a
breed or breed cross under consideration for use as a
specialized maternal line should be considered in terms
of the nutrient (energy) environment in which the
livestock enterprise is to be operated. If the nutrient environment is unrestricted or energy supplementation during period of energy restriction is economically feasible,
those maternal germ plasm resources characterized as
having greater potential for production may be desirable.
However, if females are subjected to extended periods
of energy restriction resulting in negative energy
balances for extended periods of time, the profitability
of an enterprise may be curtailed by a restriction of the
reproductive component.
In considering specific breeds or breed crosses for
use as specialized maternal lines, information concerning both output and energy requirements needs to be
considered. The lack of information from studies designed to evaluate biological interrelationships between
output-input characteristics restricts the evaluation of
production systems.
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